Formaldehyde photopredissociation was studied under collisionless conditions by the technique of crossed laser and molecular beams. Detection of the molecular product co after excitation of H2CO near the s1 origin gives strong support to the sequential coupling model for fast nonradiative decay of S1 states through broadened s 0 levels to the continuum. For H2CO excitation at 283.9 nm, formation of the radical product HCO dominates dissociation to molecular products by at least one order of magnitude.
INTRODUCTION
The mechanism of formaldehyde photodissociation has been the subject of extensive experimental and theoretical work.l Formaldehyde is large enough to have interestingly complex photochemistry~ a detailed understanding of this molecule could prove useful as a prototype for the photochemistry of small polyatomics. Formaldehyde is small enough for ab initio calculations and can serve as a testing ground for theoretical investigations.
In particular, its small size permits a priori calculations of radiationless transition rates for comparison to quantum-state resolved experiments.
In addition, formaldehyde plays important roles in combustion,2 polluted atmospheres,3 and laser isotope separation. 4 The overall photodissociation process of interest is Collision-free decay rates of single rovibronic levels near the s1 origin vary over two orders of magnitude with little systematic dependence on rotational quantum numbers.lS, 16
A sequential coupling model has been proposedlSa in which s 1 levels decay via a "lumpy continuum" comprised of s 0 levels broadened by dissociation of so to H2 + co. • -6 -
II. EXPERIMENTAL
The molecular beam apparatus used for the photofragmentation studies has been described in detail elsewhere. 20 The laser and molecular beams crossed at 90 degrees, and dissociation fragments were detected by an electron bombardment quadrupole mass spectrometer which could be rotated in the plane of the beams. cm-1 at 300 K). Fluorescence from an external gas cell containing -1 Torr of H2CO was used as a wavelength reference, as described by Weisshaar.l5a Individual rotational lines were easily assigned using high resolution spectral data from No TOF signal for masses 29 or 30 was observed, and TOF spectra for the 4l and 2l4l bands were superimposable within the experimental error. After two hours of counting at each angle, the integrated signal intensities at the four laboratory angles 10°, 15°, 25°, 35° were the same to within 11%. Since the recoil velocity of CO is comparable to the H2CO velocity (see Fig. 3 ), this suggests that the center-of-mass (CM) product angular distribution is also nearly isotropic. This was confirmed when an excellent fit to -10 -the data was obtained using an isotropic CM angular distribution.
The data shown in Fig. 2 are the results of 2 hours of counting at 10, 15 and 25°, and 8 hours at 35°.
A product translational energy distribution, P(E), is obtained from the experimental time-of-flight data by calculating TOF spectra for various postulated P(E) 's, then refining the P(E) 's until a good fit to the experimental data is obtained.
The computer programs used for this analysis have been described elsewhere24 and take into account the velocity spread of the beam, the velocity dependence of the ionization efficiency of the mass spectrometer, and the Jacobian f~ctors in the laboratory to CM coordinate transformation. The CO product translational energy distribution obtained by computer fit to the angular distribution data for the 2l4l band is shown in Fig. 4 .
The error limits indicate the range over which the P(E) can be varied without adversely affecting the fit. The translational energy of the product is very high: the maximum in the distribution is at 55 kcal/mole, or 65% of the total available energy.
The resolution of the machine is sufficient to separate products in different vibrational states if the rotational excitation is low,25 and the locations where peaks for H 2 vibrational levels would fall are marked at the top of Fig. 4 . No vibrational structure was seen. origin. This is as expected since the formation of radicals has a smaller amount of available excess energy (14 kcal/mole vs S5 kcal/mole). An angular distribution could not be measured because the HCO product is kinematically constrained to a small angle in the laboratory frame of reference by the low translational energy (see Fig. 3 ), and the high background from formaldehyde in the beam precludes measurements at laboratory angles less than so. Figure 6 shows the P(E) that best fit the HCO TOP spectrum.
An isotropic angular distribution was assumed since data at a single laboratory angle is not sensitive to the CM angular distribution, and proved adequate to fit the data. The data do not give any information about HCO fragments with less than 2 kcal/mole of translational energy, because such molecules are scattered at angles less than so in the laboratory frame.
-12 -Since the TOF spectrum for the radical dissociation channel was measured using mass 28, any product from the molecular product channel should also have been detected, separated in time from the HCO signal by the difference in translational energy. Experimentally, however, no evidence for any fast CO product was seen. In order to estimate the branching ratio for the dissociation, the expected signal level for the molecular product channel was calculated assuming equal production of HCO and CO, i.e. ~R = ~M' and using the molecular P(E) obtained in the 2l4l band scaled to account for the increased total energy. The observed signal for the radicals was assumed to represent the total radical product, i.e. the radical P(E) was set to zero below 2 kcal/mole. This assumption provides an upper limit for the branching ratio ~M/~R· Differences in the laboratory angular distribution of the two products caused by the difference in product CM velocities, and the Jacobian factor in the conversion from CM to laboratory frame of reference were taken into account in the calculation, and the result is shown in Fig. 5 . The comparison between the calculated molecular signal level (dashed curve) and the experimental data indicates that ~M < 0.10 ~R' since a larger ~M would have resulted in a detectable product signal. • . ,.
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